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ERRATA
With reference to Part II, Section V (Pg. 107—144) of the report, the following

background information is useful to the reader before noting the corrections presented
here.

Because the five-day sample of constant pressure prognoses and analyses supplied
to us by 3rd Weather Wing (3rd WW) was in a grid array on magnetic tape, the grid arrays
had to be read and printed at United Aircraft Research Laboratories (UARL) using a
procedure for 3rd WW grids that has frequently been used in the past. For some un-
determined reason, these values on tape were read and printed by the computer in an
order directly opposite to what the real order was supposed to be. This was true for the
analyses, the prognoses, and the error fields. Thus, it has no effect whatsoever on the
evaluation of the diagnostic LMW prediction technique described; this fact cannot be
overemphasized. The only effect it does have on the results presented in Section V is
that the hemispheric geography is flipped relative to the analysis, prognostic, and
error isopleths (e.g., North America should be where central Asia is and vice-versa).
The prognoses, analyses, and error fields do not change.

The incorrect reading and printing of the grids (Figures 5 through 12, Part II,
Section V)went unnoticed because raw data had not been available from 3rd WW to
check observed station values against the analyses (due to security classification in
force at the time for these data tapes). Recent acquisition of the station radiosonde

observations resulted in the discovery of the incorrect orientation of the grids.

Because of this incorrect orientation, the following changes are necessary to the

report.
(Continued)




Location Error Correction

P. 108 § 8, 12, but over central and eastern but over North America
lines 3 and 4 Asia and the western Pacific and the western Atlantic
P. 109, second full ¥, forecasts occurred over central forecasts occurred over
line 4 and eastern Asia North America

P. 109, second full T, and over an area near Hawaii and over north-eastern
line 5 Africa

P. 109, second full T, Over the North Atlantic Ocean Over eastern Asia and
line 7 the western Pacific

P. 111-144,Figures The base map should be rotated 180° (e.g., what is now

5—~12 100°E longitude should be 80°W longitude).
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ABSTRACT

This report comprises two parts: Part I documents an objective analysis tech-
nique for level of maximum wind (LMW) parameters, and Part II presents two LMW

prediction techniques.

The objective hemispheric analysis technique incorporates information from
data areas into LMW analyses for no-data areas. This is done in a quantitative,
objective, and consistent manner by using LMW regression equations that specify the
initial-guess fields for the analysis. The analysis technique locates jet cores between
grid points, and generates observations along these cores by using horizontal jet pro-
files. This technique produces high-quality analyses that compare favorably with
subjective analyses, and that are generally consistent with one another.

The first prediction technique is based on a procedure wherein potential pre-
dictors are obtained from a network grid oriented with respect to the LMW wind
direction at the predictand point. Prediction equations are obtained by applying the
screening regression technique to predictors selected from initial-state LMW param-
eters (and their 12-hr change) and wind speed values at constant pressure surfaces.
Tests on independent data showed that these equations produce prognoses that are better
than persistence for all polar and subtropical jet-stream categories.

The second prediction technique applies diagnostic LMW regression equations
(originally derived to produce the initial-guess fields in the LMW analysis) to constant-
pressure-surface numerical prognoses. A five-day data sample of numerical prognoses
was used to test the technique. Evaluation of the resulting LMW prognoses indicated
that the 12- and 24-hr prognoses were generally good representations of the observed
LMW fields, and that the 36- and 48-hr prognoses were occasionally good over some
areas of the hemisphere.

REVIEW AND APPROVAL

Publication of this technical report does not constitute Air Force approval of the

report’s findings or conclusions. It is published only for the exchange and stimulation

of ideas.

Lt. Colonel, USAF
Acting System Program Director
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PART I

A TECHNIQUE for ANALYSIS of
LEVEL of MAXIMUM WIND PARAMETERS

by

David B. Spiegler




SECTION I
INTRODUCTION

The National Meteorological Center (NMC) presently sends hand-analyzed level-
of-maximum wind (LMW) analyses for the United States and immediate areas outside
its borders to users via the national facsimile network. These analyses are for the
maximum wind speed, the level of maximum wind, and an averaged vertical shear below
and above the LMW.

The work described here represents an attempt to develop an objective (computer)
technique for the analysis of five LMW parameters for the Northern Hemisphere. These
parameters are:

(a) the wind direction at the LMW [W d(L)],
(b) the wind speed at the LMW [WS(L)],

(c) the height of the LMW [Z(L)],

(d) the shear below the LMW (Sb), and

(e) the shear above the LMW (Sa).

The objective technique was developed in direct support of a 3rd Weather Wing
requirement for a progx-'am dealing with an improved method for analyzing and fore-
casting clear-air turbulence.

Because the analyses are for the Northern Hemisphere—an area that has widely-
variable data density—the initial-guess fields are of prime importance. Thus, the analy-
sis technique uses an established relationship1 between the LMW parameters and the
information routinely available from constant-pressure-surface analysis of height,
temperature, and wind. The initial guesses are corrected by using station observations
of the LMW parameters (from a preprocessed data tape) and the successive approxima-
tion analysis technique (SAT) [1].

For the wind-speed analysis at the LMW the jet cores are located, and “observa-
tions” are ‘“generated” at the jet core by using models of horizontal jet profiles.

Verifications of the analyses are determined by the areal-mean-error method [6].

1
The relationship is established by means of regression equations, for each of the
LMW parameters, that are a function of the type of jet and its strength (e.g., strong-
polar jet, weak-moderate subtropical jet, etc.).




SECTION II
LMW SCREENING REGRESSION EXPERIMENTS

Three data preprocessor programs were necessary for the derivation of regres-
sion equations that are used, with constant-pressure-surface analysis, to generate initial-

guess fields for the LMW parameters. Descriptions of the functions of the three programs
follow:

(a) Jet Stream Preprocessor I (JSP-I)—combines the wind data from the

constant-pressure radiosonde observations with the rawinsonde data. It also
determines the height of LMW and the wind speed at the LMW, and computes the
vertical wind shear above and below the LMW for each of the observation stations.

If there are wind speeds in the sounding that are within three knots of WS(L), the

wind profile is considered to contain a multiple maximum. In these cases,

Z(L) is determined by averaging the Z(L) reports within one grid interval of the
“problem” station; the calculated Z(L) at that station is the height that is closest
to the average of the Z(L)’s from the nearby stations.

(b) Jet Stream Preprocessor Il (JSP-II)—produces a tape with a total of 58

parameters that are obtained directly, or computed, from information available at
constant pressure surfaces and which are considered as predictors for LMW fields.
These 58 parameters, including four LMW parameters [Wd(L) is excluded], are:
@  Z(M  Z6)  Z@ 213 22 ZQ)
T(7) T(5) T(4) T(3) T(2) T(1)
Wy WB) W) W.B) Wy@) W)
W) WG W4 WE) W@ W
where: Z = height; T = temperature; Wq = wind direction; WS = wind speed; and 7, 5,
4, 3, 2, and 1 represent the 700-, 500-, 400~-, 300-, 200-, and 100-mb levels [e.g., Z(T)
is the height of the 700-mb level].

(ii) h(7—5) AT(7T—5) AW_(7—5) AT/An(7—5) (8h*/9n sin @) (5)
h(5—4) AT(5—4) AWg(5—4) AT/An(5—4) (8h*/dn sin @) (4)
h(5—3) AT(5—3) AWg(5—3) AT/An(5—3) (8h*/8n sin a) (3)
h(4—3) AT(4—3) AW (4—3) AT/An4—3) (8h*/on sin @) (2)
h(3—2)  AT(3—2) AW (3—2) AT/An(3—2) (8h*/dn sin @) (1)
h(2—1)  AT(2—1) AW (2—1) AT/An(2—1)




where: h = thickness of a layer bounded by two mandatory constant pressure
surfaces; AT = difference in temperature between two mandatory constant
pressure surfaces; AWS = difference in magnitude of the wind speed between
constant pressure surfaces; AT/An = the horizontal temperature gradient in

the middle of a layer between constant pressure surfaces; and 6h*/dn sin @ = the
temperature gradients at a constant pressure surface where h* is a pseudo-
thickness and sin @ denotes the direction of the gradient (@ = the angle between
the thermal and actual wind).

(iii) r, Z(L) W (L) s S,

where r, = the radius of curvature at 200 mb. The purpose of this program is

to have the data in a form that can be used with a screening regression program
to generate equations for specifying the four LMW parameters [W d(L) is speci-
fied separately by a procedure described in Section III].

(c) Jet Stream Categories (JSC)—stratifies the station data on the basis
of wind speeds at 200 and 300 mb, the latitude of the station, and a combination
of both wind speeds and latitude. The purpose of this program is to have the
screening regression derive different equations for jets of various strength and

type. The exact specification of the categories (see Table I) was determined by

examining several months of LMW data.

Three months of a winter upper-air data sample from the National Meteorological
Center were run through the three preprocessor programs. Screening regression experi-
ments for obtaining equations for the initial guesses of LMW parameters were designed.
The main purpose of the experiments was to obtain the most practical set of equations
from an operational standpoint, while keeping the errors within acceptable limits.
Selective ‘“addition’” and ‘“subtraction” of possible predictors (listed in (b) above] for
several different screening runs gave the information necessary to decide which
equations were the most useful.

A program that derives multiple linear-regression equations by using a screening
procedure has been written and was used in the study. The screening procedure selects,
from a set of possible predictors, a subset that contributes significantly and independ-

ently to reducing the variance of the predictand. The predictor having the highest linear
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correlation with the specified predictand is selected from an array of possible pre-
dictors. Next, the partial correlation coefficients between each of the remaining
predictors and the predictand (holding the first predictor constant) are examined, and
the predictor associated with the highest coefficient is then selected as the second
predictor. Additional predictors are selected in a similar manner. This procedure is
repeated until a chosen predictor fails to explain a significant additional percentage of
the remaining variance of the predictand or until a specified number of predictors is
selected. The criterion of significance employed is a modified F-test described by
Miller [3].

To justify the definitions used for the various LMW categories, contingency tables
were computed that relate the category definitions to definitions of jet types gained
by synoptic experience and given by the height of the LMW,

For the purposes of the contingency tables, the definitions of polar and sub-
tropical jets, and jets that are not clearly polar or subtropical (subtropical-polar) are

as follows for winter data:

(a) Polar [Z(L) < 34,000 ft]
(b) Subtropical [Z(L) > 37,000 ft]
(c) Subtropical-polar [34,000 = Z(L) = 37,000 ft]

The contingency tables {Table II, (a) and (b)] are based on station data from the
developmental data sample (December 1963, and January—February 1964). The defini-
tions based on 300- and 200-mb wind speeds and latitude appear to be satisfactory with
only a small percentage of the cases in the lower left or upper right corners of the

tables.
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SECTION II
METHOD OF ANALYSIS AND VERIFICATIONS OF LMW PARAMETERS

Initial-guess fields for all LMW parameters except Wd(L), are generated by the
derived regression equations. The analysis program determines which jet-stream
category a particular grid point is in, and uses the appropriate regression equations for
each of the LMW parameters. The initial guesses are not generated simultaneously,
because one (or more) already-analyzed LMW fields are often predictors in the equation(s)
for the other field(s). The initial guesses are adjusted by using the preprocessed LMW
station data and the successive approximation analysis technique [1]. For the WS(L)
field, the jet core is located, and observations are generated at the core by employing
models of horizontal jet-stream profiles. The details for the determination of each of
the LMW fields, their order in the analysis procedure, and the verification procedure

follow.

1. Wind Direction at the LMW [Wd(L)]

The procedure for determining wind direction at the LMW is:

(a) for grid points that are at latitude < 30°N, the wind direction (W d) at
200 mb [Wd(2)] is used as the Wd(L).

(b) for grid points that lie between 30° and 45°N: if the radius of curvature
at 200 mb (r2) is positive, Wd(S) is used as Wd(L); if r, is negative or zero,
Wd(2) is specified as the Wd(L).

(c) for grid points that are at latitudes > 45°N, Wd(S) is also the Wd(L).

2., Wind Speed at the LMW [WS(L)]

The initial-guess field is generated by the appropriate equations (see the Appendix)
that are dependent upon the category in which a particular grid point is located. The
initial-guess field of WS(L) is “corrected’” by using station observations of WS(L) and
SAT. The number of passes through the data is an input item, but the maximum number
of passes is five, some of which may be made with additional generated observations.

The jet cores are located after a specified number of passes. The first approxi-

mation to defining the jet core is obtained by searching among grid points for the maxi-




mum wind speed within a specified area. For the analyses using the winter-data sample
the areas are enclosed by those grid points having a wind-speed value greater than or
equal to 75 knots.

A systematic search is performed within the area by tagging grid points that are
maximums (the search is systematic in the sense that it proceeds independently along
the vertical, horizontal, and diagonal lines of grid points). The grid points with the most
“tags” are the first approximations to the jet cores. More specific details and a discus-
sion of, and solutions for, the various problems are contained in the specifications for
the LMW computer program [5].

The set of consecutive stored grid points, which are the first approximation to a
jet core, is then used with a parabola-fitting routine to determine the ‘“exact’” location
of a jet core between grid points.

After the jet cores have been located, observations are generated at the midpoints
of the jet-core segments by using Endlich and McLean’s jet-stream model [2] which
relates the wind speed at the core to the wind speed at some specified perpendicular
distance from the core (see Fig. 1). By using the model, two observations are generated
at the same points on the core, i.e., one from the wind on the high-pressure side and the
other from the wind on the low-pressure side. The average of these two ‘“generated”
observations is used as the final observation for the midpoint of a core segment.

There is an option to make an additional pass for analysis of WS(L) with the
generated data and the actual station data using a relatively-small influence

radius. The generated observations may be assigned a weight relative to the actual data

for this pass.

3. Verification of WS(L)

The analysis of WS(L) is verified by the areal-mean/root-mean-square error
method [6]. This method approximates an area integral of the error over the analysis
area by withholding some percentage of the observations and verifying them against the

withheld~ and analysis-station observations, which are equally weighted. The withheld-

station observations approximate the maximum error points in the analysis field, but
the number of withheld stations required by the areal-mean-error method usually does

not equal the number of maximum-error points. Therefore, the withheld stations were
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selected to represent equally the entire spectrum of maximum errors over the analysis
area. The assumption is that the maximum error is inversely proportional to the density
of the data. The density of each station is computed prior to the analysis, and withheld
stations are selected on the basis of three LMW-wind-speed and three station-density

categories (see Table III).

TABLE III
SELECTION OF WITHHELD STATIONS ON THE BASIS OF
STATION DENSITY AND LMW WIND SPEED

Category
I S - - . —— T -{
A B ; c
e (pT) No. of stations No. of stations No. of stations

W (L) > 100 51 = W (L) = 100 | W_(L) = 50

Low: 0.11 to 0.32 3 4 3
Med: 0.33 to 0.43 4 3
High: = 0.44 B 3 3 4

4. Analysis and Verification of Z(L)

The initial-guess field for Z(L) is generated with the appropriate regression equa-
tions after determining which category each grid point is in. The successive approxima-
tion analysis technique is then used with the station data for Z(L) to adjust the initial-
guess field.

Where the WS(L) is less than 75 knots, Z(L) at adjacent grid points and/or
stations may vary widely; this is a common characteristic of adjacent wind profiles that
exhibit relatively weak maximums. For this reason, the analysis is meaningful only
over those areas on the Z(L) chart where the WS(L) is greater than 75 knots.

Verification of Z(L) is done with the areal-mean/root-mean-square error method

using the identical set of withheld stations used in the verification of WS(L).

5. Analysis and Verification of Sy, and S,

Both of these parameters have initial guesses generated by the appropriate regression

equations. As may be seen from the equations in the Appendix, WS(L) and Z(L) are often
“predictors” for Sy, and S, .
Once again, SAT is used with the preprocessed station data to adjust the initial-

guess fields.
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SECTION IV
RESULTS

The evaluation of the quality of the analysis technique was based on the results
from two general classes of experiments—the experiments for deriving the initial-
guess equations for the LMW analysis fields, and the experiments with the analyses

that were generated by the analysis procedure.

6. Results of LMW Rcgression Experiments

Non-derived predictors (e.g., temperatures and wind speeds) and derived predictors
(e.g., thermal winds and shears) are among the possible predictors2 for the LMW param-
eters (see Section I). In the design of the experiments, a minimum of three to a maximum
of seven screening runs were specified for each predictand in each category. The dif-
ferences between the individual screening runs for a particular predictand were in the
variables specified as possible predictors. The objective in having several screening
runs was to answer the following questions:
(a) Will the non—-derived (simple) predictors alone satisfactorily specify
the LMW parameters?
(b) Will the derived (sophisticated) predictors alone give a better result
than the non-derived predictors alone?
(c) Will a combination of non-derived and derived predictors yield the
best results ?
(d) Does the height at the LMW [Z(L)] add more to the specification of the
wind speed at the LMW [WS(L)] than the wind speed adds to the height?
(e) Are the previously analyzed LMW fields important in specifying the
shears above and below the LMW ?
The answers to these questions are contained in Table IV, which lists the selected
predictors for the LMW parameters for each of the LMW categories, and the associated
dependent and independent data results. The LMW screening regression equations for

each type of jet category are in the Appendix.

2
W and Z at constant-pressure surfaces, and all parameters containing 400-mb
information, were not included as possible predictors in any of thc screening runs.

12




TABLE IV
INITIAL-GUESS EQUATIONS FOR LMW PARAMETERS—
DEPENDENT AND INDEPENDENT DATA RESULTS FOR SEVEN JET STREAM CATEGORIES

13

Category Predictand Selected predictors % red. :I'ucn;'::: rms error Std. dev. Means Units
7 (dep) | (dep) | (ind) (dep) | (ind) (dep) (ind) (dep) (ind)
Z(L) ] Ws(l), Ws(7), T(7) 37 3482 467 9611 9472 12076 12630 | 34403 33850 ft
W (L) W_(2), W (1), W (5) 60 3482 | 467 7.5 9.7 11.9 12.2 42.7 43.9 knot
o 5, S, Woil), WiL) 39 3482 | 467 093 | 0.95 1.19 1.20 [ -1.48 -1.87 knot 1073 ft
S, W_(L). W_(2), W_(5). Z(L) 41 3482 | 467 0.79 1.48 1.04 1.48 | +1.72 +1.79 knot 1073 ft
Z(L) _“_wsu), W_@), T(5) 14 2010 T 31 4740 | 3806 5127 4199 | 40019 | 40125 ft
WS(L) WS(Z) 55 2010 317 12.5 8.8 18.6 16.0 83.5 82.6 knot
2 s, WLy, W_(1), W_(2) 32 2010 | 317 2.49 1.29 3.01 1.61 | -3.14 | -2.73 knot 1072 1t
5, Z(L), W_(L), W_(3) 63 2010 | 317 2.14 1.1_ti~ 3.53 1.58 , +3.32 1 +3.01 knot 107 g
Z(L) I Ws(ﬂ), Ws(l), WB(Z) 0;—— 1141 135 3914 3291 i 4046 3596ﬁI 39214 | 38750 ft
WS(L) Ws(Z) 67 1141 135 12.7 10.0 22.0 24.2 132.7 132.07 knot
3 s, W_(L), W_(2), Z(L), W_{1) 39 1141 | 135 298 | 1.83 3.83 2.75 | -4.96 -4.95 knot 107 #t
s, W (L), W_(2), Z(L), W (1), S, 43 1141 | 135 2.88 1.72 3.83 2.75 | -4.96 -4.95 knot 107 ft
5, Z(L), W_3), W_(L) 81 1141 | 135 1.24 | 1.13 2.84 2.38 | +4.57 +4.28 knot 107 ¢
Z(L) w_(1), T(D), w:(5), W_@), W_(2) 23 1363 | 211 5767 | 5512 6587 6898 | 35659 | 37584 ft
W (L) W (2) 54 1363 | 211 12.7 8.9 18.6 15.9 80.5 81.8 knot
¢ S, W (L), W_(3), W_(1) 36 1363 | 211 2.34 1.33 2.94 1.34 | -2.63 -2.32 knot 107> 1
] i’_ _.ws(.L)' Zf’ﬂsm’ ws_(5) 49 1363 | _211 2.50 _1.11— S.im—_l.—(is—— +2.55 } +2.24 knot 10~ ft
Z(L) T(7), W (1), W_(3), W_(2) 19 477 70 4736 | 4668 5251 5061 | 36339 35494 ft
w_(L) W_(3), W_(2) 71 477 70 1.2 | 10.2 21.0 22,6 | 132.2 126.84 knot
5 Sa Z(Ly, Sb’ Ws(l) 50 477 70 1.87 2.04 2.66 2.25 -3.74 -3.22 knot 10_3 ft
s, Z(L), S, W (1), W (L), W_(2) 58 477 70 1.73 1.80 2.66 2.25 | -3.74 -3.22 knot 10™° 1t
5, Z(L), W (L), W_(3) 69 477 70 1.59 1.42 2.87 2.66 | +3.57 +3.57 knot 107>
Z(L) W (5), W_(2), W_3) 27 2543 | 319 4991 | 6440 5830 7396 | 30998 | 33459 ft
W (L) W ), W_(2) 68 2543 | 319 8.7 | 113 15.4 16.8 | 77.4 80.8 knot
& s, W (L), W_(2), Z(L), W _(1) 56 2543 | 319 1.09 | 1.46 1.65 2.06 | -3.06 -3,07 Knot 107 ¢
Sb WS(L), Ws(5), Z(L), Ws(3) 67 2543 319 0.93 0.91 1.61 1.63 +2.97 +2.97 knot 10_3 ft
Z(L) T(), W (2), W_G3) 26 477 56 3;407 4429 3958 4909 | 30884 | 31701 ft
W (L) W 3), W_(2) 64 477 56 1.6 | 12.3 19.4 22.5 [126.5 | 1304 knot
4 s, W_(L), W_(2), Z(L), W(3) 67 477 56 1.64 2.00 2.87 2.43 | -5.55 -4.90 knot 107> 1t
5, Z(L), W (L), W_(5) 62 477 56 1.68 1.90 2.73 2.30 | +5.16 +5.14 knot 1072 £
8, Z(L), W,(L), W (5), W_(3) 67 477 56 1.57 1.72 2.73 2.30 | +5.16 +5.14 knot 107 &t




The outcome of the experiments, with respect to the selected predictors, is
interesting. Percent reduction of variance (% red.) and rms errors were the criteria
used for choosing the equations. It is evident from Table IV that the derived predictors
failed to add significantly to the non-derived predictors. It is also evident that the
derived predictors alone did not yield results as good as those from the non-derived
predictors. Table V indicates the superiority of the non-derived predictors for each
predictand and each category.

For jet-stream categories 2 through 7, the screening runs using non-derived
predictors, from which the equations were selected, are compared with screening runs
that use derived predictors (it is implicit that if LMW predictors were used in the
experiment for the simple predictors, the same LMW predictors were used in the experi-
ment with the sophisticated predictors).

A smaller number of experiments were run for Category 1 than for Categories 2
through 7. Table V contains all the experiments for the seven categories. There is no
direct comparison of predictors in Category 1, but results indicated that non-derived
predictors were more highly correlated with the LMW parameters than were the derived
predictors.

The following conclusions may be drawn from the table:

(a) A higher number of derived predictors is often necessary to attain the
same percent reduction as the simple predictors.

(b) For two thirds of the predictands (Categories 2—7), all the derived
predictors (plus LMW parameters where indicated) do not result in as high a
percent reduction as four or less simple predictors (plus LMW parameters where
indicated).

(c) When the number of derived and non-derived predictors is the same, the
percent reductions are within 2.5% of each other. In Categories 2—7 this occurs
only with Z(L). Although the percent reductions are approximately the same for
these six cases, it is easier to use non-derived fields in an operational system.
The results for the LMW equations on independent data (Table IV) indicate that

the equations are stable, with independent errors near or lower than the dependent

errors.
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TABLE V
PERCENT REDUCTION OF VARIANCE ASSOCIATED WITH
DERIVED AND NON-DERIVED PREDICTORS*

(a) Category 1

Predictand Possible Selected % Total
redietan predictors predictors red. % red.
w (1) 19.6
NDT WS(7) 12.1 36.7
T(7) 5.0
2(L) w_(1) 19.6
D + ND W (7) 12.1 37.5
AW _(3—2) 5.8
2 40.
w_(2) 0.0
NDf Ws(l) 12.7 60.4
WS(L) WS(S) 7.7
W_(2) 40.0
D + ND AWS(Z—l) 12.7 60.4
W _(5) 7.7
w_(1) 3.1
ND w_3) 4.1 8.5
T(3) iLig
AW (2—1) 3.2
s, D + ND AW _(3—2) 4.0 8.3
w_(7) 1.1
Sb 12.8
D + ND + LMWt w (1) 5.0 38.7
W (L) 20.9
w (1) 1.4
ND T(5) 1.1 2.5
T(1) 0.0
1 d
Ws( ) 1.4
< D + ND AW (5—3) 0.2 1.6
B s
W_(3) 0.0
w_(L) 20.2
D + ND + LMWt w_(2) 8.1 41.1
w_(5) 5.9
Z(L) 6.9

*D = derived; ND = non-derived.
tSelected for use.

15




TABLE V (cont’d)

(b) Category 2

Predictand Possible Selected % Total
regictan predictors predictors red. % red.
w_(1) 6.1
NDt w_(3) 54 | 14.5
2(1) T(5) 3.0
Wo(2-1) 7.2
AW (3-2) 4.2
D AT(3—2) 1.1 | 14.8
AW _(2-1) 1.7
W (5—3) 0.6
NDft w_(2) 55.1 55.1
WS(L) D ALL 28.9 28.9
W (L) 21.3
ND + LMWt W (1) 7.5 | 31.8
w_(2) 3.0
s W (L) 21.3
a S
D + LMW Sb 9 33.3
Z(L) 4.6
AW (2—1) 2.9
Z(L) 28.6
ND + LMWt W (L) 15.2 | 63.5
S, W (3) 19.7
D + LMW ALL 58.5 58.5
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TABLE V (cont’d)

(c) Category 3

. Possible Selected % Total
Predictagd predictors predictors red. % red.
W_(3) 2.1
NDt w_(1) 3.1 6.4
i) W (2) 1.2
AW_(3-2) 4.4
D W (2-1) 2.9 8.3
h(7—5) 1.0
W (L) NDt W_(2) 66.5 | 66.5
D ALL 49.5 49.5
W_(L) 14.3
W (2) 11.4
ND 5
s + LMWt Aot s | 392
W_(1) 7.0
W_(L) 6.0
Z(L) 12.7
D + LMW Sb 3.8 40.3
AW _(3-2) 3.5
AW _(2—1) 14.3
Z(L) 25.8
< ND + LMWt W (3) 11.6 | 81.0
b s
W (L) 43.6
D + LMW ALL 71.3 71.3
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TABLE V (cont’d)

(d) Category 4

Predictand Possible Selected % Total
S predictors predictors red. % red.
WD) 4.8
T(7) 5.2
NDt W_(5) 4.6 23.3
w.3) 1.4
W) 7.3
2(L) AW43—2) 13.8
W (2—1) 3.4
D WT(5—3) 3.4 25.1
Ah(7—5) 3.9
AT(2—1) 0.6
WS(L) NDf WS(Z) 53.6 53.6
D ALL 28.9 28.9
W (L) 22.5
s ND + LMWT WS(3) 10.9 36.5
* w.(1) 3.1
D + LMW ALL 34.5 34.5
W (L) 17.9
ND + LMWT Z(L) 14.7 48.6
S, w_(3) 11.9
w_(2) 4.1
D + LMW ALL 40.0 40.0
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TABLE V (cont’d)

(e) Category 5

. Possible Selected % Total
e iand predictors predictors red. % red.
G 7) 4.0
W (1) 2.7
18.6
ND W 3) 3.8
W (2 8.1
Z(L) 5%
AW (3-2) | 13.5
D W (2—1) 3.4 | 19.4
Ah(5—3) 1.7
.8
r2 0
W @) 68.2
WS(L) NDT WS(2) 3.3 71.5
D ALL 50.6 50.6
Z(L) 12.6
Sb 29.4
ND + LMWT W (1) 8.2 57.6
S s
& W (L) 2.0
w 4
@ 5
D + LMW ALL 57.2 57.2
Z(L) 35.9
ND + LMWt W (L) 15.8 | 69.2
Sb s
WS(3) 17.5
D + LMW ALL 63.7 63.7
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TABLE V (cont’d)

(f) Category 6

Predictand Possible Selected % Total
et predictors predictors red. % red.

W (5) 7.5

NDt W (2) 13.6 26.7
2(L) w_(3) 5.6
—¢ 22.
W.(3-2) 7

D WT(5—3) 4.0 29.1
AT(5—3) 2.4
WS(S) 59.9

ND 5

W (L) t W (2) 8.2 LT

s s

D ALL 35.1 35.1
W (L) 22.1

ND + LMWt Wel2 e 55.9
s Z(L) 5.4
W (1) 7.2

D + LMW ALL 46.1 46.1
W (L) 21.2

ND + LMWt W _(5) 20.1 66.8
S Z(L) 20.6
Ws(3) 4.9

D + LMW ALL 49.0 49.0
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TABLE V (cont’d)

(g) Category 7

Predictand Possible Selected % Total
— predictors predictors red. % red.
T(5) 14.6
NDt Ws(z) 28 25.9
Z(L) Ws(3) 6.0
W (3—2) 17.9
D Ah(7—5) 6.3 25.9
AT(3—2) 1.7
W (L) ND¥t WS(S) ona 64.6
s W (2) 6.9
D ALL 48.2 48.2
WS(L) 15.1
ND + LMW} WS(Z) 25.5 67.4
s, Z(L) 20.6
W (3) 6.2
D + LMW ALL 64.8 64.8
Z(L) 16.5
ND + LMWY W (L) 16.0 62.3
Sb s
WS(S) 29.8
D + LMW ALL 52.6 52.6
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The above discussion of the tables answers the first three questions posed
earlier in this section. Answers to questions (d) and (e) are found in Table IV under
the column headed ‘“‘Selected predictors’.

The height of the LMW is not selected as a significant predictor for WS(L), and
vice versa. Both Z(L) and WS(L) are often selected as predictors for the shears, and

the shear below is selected as a predictor for the shear above in Categories 1, 3, and 5.

7. Verification and Evaluation of LMW Analyses

The analysis procedure described in Section III was used with a winter data
sample (for a time period not within the three month sample used to derive the equa-
tions). LMW analyses for twelve observation times were generated, verified, and
evaluated.

The verification of the analyses was accomplished by using the areal-mean-error
method, and the evaluation consisted of: (1) a diagnosis of the meaning of the error
statistics, (2) a comparison of the computer analyses with hand-analyzed charts, and
(3) a consistency check to determine if the analyses of the LM W parameters for each

observation time were consistent with one another.

8. Areal-mean-error-method Statistics

The overall rms errorsfor four LMW parameters for twelve observation times
during January 1963 are presented in Table VI. The column headed “Analysis rms
error” shows the root-mean-square error at stations used in the analysis, and the
column headed “Withheld rms error” shows the error at the withheld stations.

The total rms error of 15.4 knots (Category A) for Ws(L) at the final pass of the
analysis is quite low when one considers that this category comprises stations
that are reporting wind speeds in excess of 100 knots. The error of the wind speed for
this category is something less than 15%, and is probably closer to 10% because there
are frequently observed maximum winds of 150 to 200 knots, especially over Eastern
Asia and the Western Pacific Ocean,

It is readily evident in the overall verification statistics for all the LMW param-
eters that the reduction in the total rms error from the initial guess to the final pass
is due almost entirely to the reduction in the rms error at analysis stations (see

Analysis-rms-error column of Table VI). In fact, the withheld-station rms error is,
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TABLE VI
OVERALL rms ERRORS FOR LMW PARAMETERS FOR
12 OBSERVATION TIMES

Error (initial guess/final pass)
Parameter e Total | Analysis Withheld
Verification
rms rms rms
category
error error error
A 21.9 22.7 21.1
154 7.0 20.6
WS(L) B 12,5 12.2 12.8
9.7 3.5 13.3
(knot)
C 10.1 7.8 11.9
8.7 2.6 12.1
A 4818 4798 4837
3533 1566 4744
Z(L) B 7378 6769 7940
(ft) 5738 2301 7782
C 9933 10262 9593
7257 3671 9585
A 2.11 1.72 2.45
1.75 0.46 2.43
SOPUN B Y B v-A
(knot 10 ° ft) ‘ : ‘
C 1.05 1.15 0.94
0.70 0.31 0.94
A 2.26 1.86 2.60
1.87 0.38 2.62
S 1.47 1.38 1.56
. 2 e 1.17 0.31 1.62
(knot 10 ~ ft) ’ ’ ’
C 0.94 0.77 1.08
0.77 0.25 1.05
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in a few cases, slightly higher for the final pass than it was for the initial guess. This
result is not surprising because:

(a) The analysis-station rms error essentially indicates how well the
analysis technique fits the observations (and these points may be considered
as minimum error points over the analysis area).

(b) The withheld stations, which approximate maximum error points,
do not contribute to the analysis, by definition. A station withheld over a
sparse data area may be the only station in the area (e.g., a stationary weather
ship in the ocean) and the analysis over that area will remain unchanged from
the initial guess to the final pass.

(c) Withheld stations over medium or high data-density areas are not
allowed to influence the analysis. The surrounding analysis stations, however,
may change the analysis to the extent that the point at which there is a with-
held station observation may actually be in less agreement with the final analysis
than it was with the initial-guess analysis.

An important point about the verification statistics is that prior to use of SAT
for analysis with station data, the overall rms errors for the initial guess of all LMW
parameters was approximately equal for both the analysis stations and the withheld
stations (approximate minimum- and maximum-error points, respectively). Two inter-
pretations of the data in Table VI that may be made here are: (1) a good initial guess
is essential to any hemispheric analysis procedure, and (2) the rms-error values for
the initial guesses of the LMW parameters indicate high-quality initial guesses.

Figure 2 clearly illustrates, for a series of individual observation times, the
lack of bias between the initial-guess Analysis-rms and Withheld-rms errors for
Category A of WS(L). The Withheld-rms error is significantly lower than the Analysis-
rms error six times and the converse is true four times; the remaining two instances
have insignificant differences.

Figure 3 shows the LMW wind-speed analyses for 8 and 9 January, 1963, The
highest initial-guess Withheld-rms error occurred on 8 January and the lowest occurred
on 9 January. Withheld station observations are plotted on the analyses. Figures 4 and 5

are the 300- and 200-mb height analyses for 8 and 9 January, 1963, respectively. They
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- [8otachs
——-—175 knot isotachs
== Jet cores

® Withheld stations

Fig. 3(a). Objective LMW wind speed analysis, 1200Z, January 8, 1963 (knots).




Isotachs
——— 75 knot isotachs

G Jet cores
@ Withheld stationa

Fig. 3(b). Objective LMW wind speed analysis, 1200Z, January 9, 1963 (knots).
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Fig. 4(a). 300-mb analysis, 1200Z, January 8, 1963 (102 ft).
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Fig. 4(b). 200-mb analysis, 1200Z, January 8, 1963 (10 ft).
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2
Fig. 5(a). 300-mb analysis, 1200Z, January 9, 1963 (10 ft).
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Fig. 5(b). 200-mb analysis, 1200Z, January 9, 1963 (102 ft).

31

404




are shown because the predictors for WS(L) for Categories 2—7 are the 300- and/or
200-mb wind speeds (which are derived from the height analyses).

Because vertical wind profiles sometimes indicate high wind speeds over a
layer that may be as much as 10,000 feet or more thick, with more than one identical
maximum speed within that layer, Z(L) is sometimes difficult to specify. With this in
mind, the total rms error for verification Category A [WS(L) > 100 knots] for 3533 ft
is considered to be a reasonably low value.

Where WS(L) is less than 100 knots and, particularly, less than 50 knots
(Categories B and C), the height of the LMW may vary widely at adjacent grid points
and/or stations. This is a common characteristic of adjacent wind profiles that exhibit
relatively weak maximums. Thus, it is not surprising that the rms errors for Z(L)
increase with decreasing maximum wind speed.

Conversely, the rms errors for the shears below and above the LMW decrease
with increasing wind speed, but have approximately the same percent error because
the values of vertical wind shear are generally greater for the higher than for the lower
maximum wind speeds.

The total rms errors for individual observation times for the initial-guess and
final pass for each of the four LMW parameters is graphically represented in Figs. 6,

7 and 8.

9. Objective (computer) versus Subjective (man) LMW Analysis Comparison

Although the areal-mean-error method of verification gives useful information
about the quality of the analysis technique, the evaluation is not complete unless a
comparison is made of the objective computer analysis of the LMW parameters and
the subjective analyses performed by a human analyst. Comparisons for each of the
LMW parameters are discussed individually below.

Wind Speed at the LMW—Figure 9 illustrates some of the objective—subjective

comparisons of the jet cores, the associated maximum isotachs, and the 75-knot
isotachs. These and the other objective and subjective analyses of WS(L) for the twelve
observation times reveal that there are only minor differences in the analyses over the
dense data areas, while more differences are apparent over the sparser data areas.

These differences are attributed primarily to the human analyst drawing to the available
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—— Subjective isotachs
———Objective isotachs
& Subjective jet core
4—-— Objective jet core

Fig. 9(a). Objective and subjective jet stream analysis comparison, 12007,
January 1, 1963 (knots).
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——— Subjective isotachs

- ——=Objective isotachs
4— Subjective jet core
4~~ Objective jet core

Fig. 9(b). Objective and subjective jet stream analysis comparison, 1200Z,
January 5, 1963 (knots). ‘
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data, resulting in a tendency for the jet cores to be positioned close to the observing
station when, in reality, the maximum wind speeds may be further from the station.

A subjective analysis could not be performed over the no-data areas, but the
nature of this computer analysis technique provides for an analysis over the entire grid
[e.g., the initial guess of the LMW wind speed uses 200- and/or 300-mb wind speeds
as predictors (see Table VI and the Appendix)]. These wind speeds are derived from 200-
and 300-mb height analyses by using the gradient-wind equation. The initial guesses to
the constant-pressure-surface height analyses are 12-hr dynamic prognoses that verify
(terminate) at analysis time. Thus, information from the data areas (for the previous
12 hrs) is incorporated over the no-data and sparse-data areas of the LMW analyses
in a quantitative, consistent, and objective manner. For example, the ocean areas off
the east coasts of continents are generally no-data areas, but the dynamic prognosis
is usually based on the initial conditions over the continent. In this study, the 300- and
200-mb height analyses were not available to the human analyst. Had they been avail-
able, the analyst would have incorporated the information in a subjective manner that
probably would not be as quantitatively consistent as the objective procedure.

Height of the LMW—As mentioned previously, the analysis of Z(L) is only meaning-

ful over those areas where WS(L) > 75 knots. Examination of the objective and subjective
analyses of Z(L) over these areas reveals that they are in general agreement, although
the objective technique has a tendency to indicate cells of high and low heights near
individual stations,

Figure 10 illustrates the objective versus the subjective Z(L) charts for the same
observation times as for the wind speed at the LMW. In some cases there appear to
be important differences in the analyzed values over a particular area, but this, pri-
marily, is due to the stations that were withheld from the objective analysis and included
in the subjective analysis.

Shears Below and Above the LMW—The objective and subjective analyses of

vertical shears of horizontal wind speed below and above the LMW exhibit general
patterns that are similar. The detailed patterns appear to differ in some cases, especially
near the jet cores where the subjective analyst tended to elongate the maximum shear

centers while the objective analysis indicated more circular maximums. The magnitude
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——— Subjective isotachs
—=—~0Objective isotachs

—— Subjective height analysis
———0Objective height analysis

Fig. 10(a). Objective and subjective height of LMW analysis comparison,
1200Z, January 1, 1963 (103 ft).
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Sub jective isotachs
~—~=0Objective isotachs
—— Subjective height analysis
~——Objective height analysis

Fig. 10(b). Objective and subjective height of LMW analysis comparison,
1200Z, January 5, 1963 (10° ft).
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of the shears is similar. Figures 11 and 12 show the analyses of shear below and above

the LMW for the same four observation times as for the wind-speed and the wind-height

analyses.

10. Consistency Between LMW Parameters

An important phase of the evaluation was to check for consistency between the
LMW parameters. A study of the five LMW fields for each of the observation times in
the January, 1963 data sample indicated that the analyses, in general, were consistent
with one another. The height of the LMW was usually at a higher elevation for jets at
lower latitudes (subtropical jets) and at a lower elevation for mid- and higher-latitude
jets (polar jets). Where two jets were relatively close to each other in the horizontal,
higher elevations of the height of the LMW were found in the jet to the right, when facing
in the downstream direction, (i.e., the direction toward which the wind is blowing).
This is in agreement with what is known to occur.

The maximum values of vertical shears of the horizontal-wind speed frequently
were observed to be in the regions of maximum wind speeds.

Comparisons between Figs. 9 through 12, and between the five parts of Fig. 13,
will verify these statements.

The exceptions to the general cases occur in regions where the vertical wind
profiles are blunt in the region of maximum wind (i.e., where there is really no clear
level of maximum wind and where high wind speeds exist over a relatively thick layer
of 8—15 thousand feet or more [4]). Because the analysis technique specifies a level
of maximum wind, a particular level is indicated somewhere in the thick layer of high
wind speeds, although the level selected in these cases is not meaningful by itself.

The shear below and above the level of maximum wind is averaged for layers
. that are 10—12 thousand feet thick. In the cases of thick vertical layers of high wind
speed, either the shear below, above, or a combination of both may be computed to be
a relatively low value, depending on where in the layer the level of maximum wind is
specified. Solutions to the problems caused by thick layers of maximum wind speeds
are offered in Section V.

The following interesting items should be noted in the five parts of Fig. 13:

(a) The generated observations along the jet cores tend to elongate the
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Objective and subjective shear below the LMW anal

1200Z, January 1, 1963 (knot 1075 ft).

Fig. 11(a).
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=== Objective
~—— Subjective

Fig. 11(b). Objective and subjective shear below the LMW analysis comparison,
1200Z, January 5, 1963 (knot 1075 ft).




)
>
2
=
3
s}
|
|
I

—— Subjective

ysis comparison,

Fig. 12(a). Objective and subjective shear above the LMW anal

1200Z, January 1, 1963 (knot 10~3 ft).
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~ = Objective
——— Subjective

Fig. 12(b). Objective and subjective shear above the LMW analysis comparison,
1200Z, January 5, 1963 (knot 107 ft).

45




Isotachs
——— 175 knot isotachs

G Jet cores
e Withheld stations

Fig. 13(a). Objective LMW wind speed, initial guess, 1200Z, January 3, 1963
(knots).
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——Isotachs
———15 knot isotachs
e Jet cores
@ Withheld statiops
@ Generated observations along jet core

Fig. 13(b). Objective LMW wind speed, final pass, 1200Z, January 3, 1963 (knots).
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Fig. 13(c). Objective height of the LMW analysis, 1200Z, January 3, 1963 (103 ft).
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— Isotachs

~—— 75 knot isotachs
@ Jet cores

® Withheld stations

Fig. 13(d). Objective shear below the LMW analysis, 1200Z, January 3, 1963

(knot 1073 ft).
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1sotachs
———175 knot isotachs

G Jet cores
e Withheld stations

Fig. 13(e). Objective shear above the LMW analysis, 1200Z, January 3, 1963
(knot 1073 ft).




maximum wind isotachs. Note the differences between the initial-guess analysis
[Fig. 13(a)] and final-pass analysis [Fig. 13(b)], particularly over the areas south
of Korea and north of the Dominican Republic. The jet cores were drawn taking
into account the wind speed, wind direction, and generated observations along

the cores.

(b) The subtropical jet (with south-southwest winds) that is shown in the
central Pacific [Fig. 13(c)] meets the polar jet (with west winds) in the vicinity
of 50° North and 160° West.

(c) The jets over North America are the polar jet (elevation 28—32 thousand
feet), evident from central Canada southeastward to west of the Great Lakes, and
the subtropical jet (elevation 36—40 thousand feet) which appears over the south
central United States and runs southeastward into the southeastern Gulf of Mexico,
reappearing south of Cuba and continuing on into the central Atlantic.

(d) There is a double jet in the western Pacific, with the northern one the
polar jet (elevation 32—36 thousand feet) and the southern one the subtropical jet
(elevation 36—40 thousand feet).

(e) Over most areas, the maximum shears [Figs. 13(d) and (e)] correspond

closely to the jet cores.
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SECTION V
CONC LUSIONS AND RECOMMENDATIONS

The following conclusions are drawn:

(a) The relatively-low rms errors for the LMW fields, as given by the areal-
mean-error method, indicate the analyses are of high quality.

(b) An advantage of the objective technique over the subjective analysis is
that it provides analyses over all areas of the hemisphere, including no-data and
sparse-data areas. Information from data areas was incorporated into the LMW
analyses over the sparse- and no-data areas in a quantitative, objective, and
consistent manner by using LMW screening regression equations for seven jet-
stream categories in conjunction with constant-pressure-surface fields.

(c) Over the dense data areas, the objective analyses compare favorably
with the subjective analyses.

(d) The objective analyses for the LMW parameters are consistent with one
another.

(e) The generated jet core “observations” tend to elongate the maximum
isota<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>